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" This nveition : relates -.fo  automatic -controls 
for:. fractionating .columns  and more partioularly 
-t0. .method.of.and apparat for the aumatic 
contf01 of the :purity: 0f :a--product produced, in 
 Such-à .fracti0nating.colmn- ::: . =) 
  OE iS:wêll kn0wn-that-:the., puity of'a product 
fm .frácti0nating column my be controlled 
by .Vá?yifig-thé rate át: which the product is with- 
dran :On-::incresg: the. ate f withdrawal, 
the:pufïty dimhes; on decasg the with- 
drRwaYate; th b purity rises: Th .a commonly 
ùsed step or. controlling, product .purity. -.The 
adjtment of thë productoutlet .valve.is made 
manuàll bY .the oPerar guided by obseation 
0f"sbme :-oPm. o'f .purity d.icatg or ecordg 
mër.: Iwb be possible .provide a control 
oVef;thè ourlet valve:opening .hich..would be re- 
sponsie diectly .pity,. asfor exple by the 
use of a thermal-conductivity purity meter; .how- 
ever;' Such' instruments are reduced  practical 
usef.ulness by high cost and great delicacy of 
construction:  '  " -.:.. ' '. " 
Thïs ventionhas as an object.the proion of 
á method:and apparaçs for çhe aumaçic con- 
tol of the purit of the botm product produced 
ih ïràctionatg a miXte, by controllg the 
rate"at which the botm product is withdrawn. 
A further object  fo .cotrol àutomatically the 
ithdrawalof çhe botm product by taking 
adçançaê 0f çhe widé changes iR çhe: tempera- 
e differential between different levels in  frac- 
tihRtg a mixture. 
Another objéct of the invention is fo provide 
ih thé fractionation of a mixre control of the 
.pty oï the Product ai çhe bottom of the column 
by Utiling changes in the temperate der- 
ential b'etween the botm of the column and 
Other point  the coln ai a higher level. 
" Tese and other objec ar e accomplhed by 
th6 present vention. wherein one means re- 
sPonsi  changes  temperate is provided 
ai the botm of a fractionating co1n where 
one Component is ai the maximum purity, and 
another sch means is provided in the neigh- 
borho0d of a level higher in-the column where 
he concentration of a second component is be- 
gng  drop from a max and the con- 
centration of a third and more volate com- 
ponent is negligiblë but is begng fo incree, 
So that cänges  the temperature differential 
bëtweeff, the two levels are utiled  control the 
r of wiçhawal of çhe st component and 
thus stabi1e the pity off. th component. 
:, ile th venion: is applicable :'thê Con- 
trol of he purity of a product obtained in the 
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fractionation of any normally:gaseous mixture, 
if .is found-especially useful dn connection- with 
the .fractionation of ..air, wherein .the ..puity of 
the oxygen being produced is closely controlled. 
 - -For the purpose of .this invention,- air:wfll be 
considered as consisting.of approximately 20.8% 
of oxygen, 8.2% of'nitrogen.and 1% of argon by 
volume,-thus.disregarding the minut .quantifies 
of the rarer-elements .which do. not affect ma- 
l0 terially the composition Of the products obtained 
in-the seParation of he 'air-into oxygen, and 
nitrogen.' - : ::  "   " " 
 ' ,Usually no attention, is g,iven to the argon .con- 
tent of the air... Argon,bas a boiling poin, about 
1 3 ° C. belowthRt ofoxygen and about 10 C. above 
that.of nitrogen.- Consequently, in the normal 
rectification, of= air, , he argon tends- fo : follow 
theoxygen fo the lOwerlevels of the .rectifier:and 
thus .tends fo .contaminate the oxygen product. 
20 The concentration of the argon in both the 
liquid and vapors increases..materilly :untfl a 
point af a certain lêvel.irïthe rectification column 
is reached where the: argon concentration is af 
a maximum. In practice, the percentage of argon 
 aecumulating af this .point ir£ the column is 
between7 and 12%. " . " ... . - . 
Since the bofling, and dew-curves of .argon- 
oxygen mixtures lie close together,.the .mixture 
is more diïcult, toséparate than an oxygen- 
0 nitrogen mixture. Thus, on the lower plates of a 
fractionating column for a tertiary mixture such 
as air, the separation is between the argon and 
the oxygen, and only a negligible amount of 
nitrogen is presënt. Ata level about one third 
35 of the way up from the b0ttom of the column, 
the percentage of argon on each plate begins fo 
decrease from the maximum concentration, and 
the percentage Of the nirogen starts t0 increase. 
Itis this lével in the column that is .utilized in 
40 the present invention for the.location of the upper 
control means. 
Af constant pressure, the boiling point of liquid 
oxygen-rich mixture rises with increasing ap- 
proach fo purity in oxygen. If this change in 
45 temperature could be directly used fo control 
the .setting of the oxygen withdrawal valve, the 
purity of the oxygen could be directly controlled. 
This change in .temperattu'e0f the liquid oxygen 
in the-receiver-is n0t, however, available for 
0 directly actuating an oxyge n valve control mech- 
anism; first, because itis of very small magnitude, 
and second, becase-it is impossible fo avoid some 
small fluctuations in pressurewhich Vary the 
b0iling point of oxYgen of constant composition. 
 The effect of changes in column pressure may 
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be substantially eliminated and the magnitude 
of the temperature change which ïollows from a 
change in composition may be greatly increased 
by making use of the difference in temperature 
between the oxygen in the receiver and the liquid 
on a plate higher up in the column, this plate 
being at the level at which the change in tem- 
perature following from a change in the purity 
of oxygen in the receiver is at the maximum, that 
is at the plate where the concentration of the 
argon is near the maximum but is beginning to 
drop and a concentration of nitrogen is beginning 
to appear. 
In an air fractionating column, the tempera- 
ture increases ïrom plate to plate, downwardly; 
and is at the maximum in the oxygen receiver. 
The temperature increments from plate to plate 
are small at the ends of the column where the 
change in composition ïrom one plate to the 
next is slight, but at an intermediate poin% par- 
.ticularly in the region of maximum argon con- 
centration where the nitrogen concentration is 
neglïgible, the increment ïrom pla-te to plate is 
relatively large. 
Ai this level, spaced ïrom the oxygen receiver 
by about one«third the total number of plates, 
the change in tmperature ïollowing from a given 
c.hange in purity of the oxygen in the bottom 
of the column is from rive to ten rimes as great 
as the change in temperature in the receiver 
self. This temperatur.e differential becomes suf- 
ficient to control accurately the width of opening 
of the oxygen valve, through temperature re- 
sponsive means located within the column at the 
two levels, i. e, at the receiver and in the 
neighborhood of a suitably selected level spaced 
from it where the concentration of the. argon is 
ai a maximum but is just beginning to decrease 
and the concentratïon of the nitrogen is negligible 
but is just beginning to increase. 
Certain practical applications of the invention 
will be described with reference to the attached 
drawings and the following descriptions thereof, 
Fig. 1 is a diagrammatical view oï the medial 
portion of a two-stage fractionating column, il- 
lustrating preferred locations for the heat-re- 
sponsive elements; 
Fig. 2 is a diagrammatical view illustrating a 
form of the invention in which the differential 
expansions and contractions of two fluids are 
caused to ctuate the needle of an oxygen ourlet 
valve through mechanical linkage; 
Fig. 3 is a diagrammatical view illustrating a 
ïorm of the invention in which fluid expansion is 
used to actuate.the valve needle through an inter- 
posed solenoid; 
Fig. 4 is a diagrammatical view illustrating a 
form of the invention in which the expansions 
of rigid metallic elements actuate the valve stem 
through mechan]cal linkage; and, 
Fig. 5 is a diagrammatical view illustrating a 
form of the invention showing a control device 
which does hot depend on expansion to actuate 
the control elements. 
Referring flrst to Fig. 1, reïerence numeral 
indicates the medial portion of a two-stage ïrac- 
tionating column of conventional design, the high 
pressure section   being separated from the low 
pressure section, of which a fragment is indi- 
cated at  2, by a partition plate  3 and a nitrogen 
condenser 4. The stack of ïractionating plates 
15 separates oxygen, in a desired approach to 
purity. This liquid collects in a pool 6 sur- 
rounding the condenser and is kept constantly 
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boiling in condensing nitrogen vapor evolved at 
considerably higher pressure in the high pressure 
section ! . 
A fluid-filled bulb 7 is located at some con- 
5 renient level in or closely adjacent to oxygen pool 
6, preferably a short distance below its normal 
surface level. A similar fluid-filled .bulb 
placed, on or near a plate higher up in the column, 
preferably in the region near the maximum argon 
10 concentration as described above. These bulbs 
are connected through capillary tubes 
with ppropriate parts of a mechanism 2 illus- 
trated in Fig. 9., which will next be described. It 
wilI be understood that whfle the location of the 
15 lover bulb, in or very close to the liquid oxygen 
pool is essential» the other bulb may be located 
on any plate above it, the responsiveness of the 
apparatus increasing to a maximum at the plate 
where the argon concentration is at a maximum 
20 but is just beginning to decrease and the con- 
centration of the nitrogen is negligible but is 
beginning to increase, which is about one-third 
the way up the. length of the low pressure column. 
Above this level, he responsiveness diminshes. 
25 Thus, in the speciflcation and claires, the terre is 
used-"in, the neighborhood of" the level at which 
the argon concentration is beginning to decrease 
.rom a maximum, and the nitrogen concentration 
is negligible but is beginning fo increase. This 
3O terre is meant to include a range of a number oî 
plates wherein the control apparatus will be op- 
erative When originally designing a plant, the 
leve[ or placing the upper temperature respon- 
sive. means is calculated for the particular purity 
35 o oxygen which the plant is designed to .produce. 
If however,, in operation of the plant, the purity 
of the oxygen is to be varied, the saine upper 
level can be used fo centrol the rate of withdrawal 
of the oxygen product: For purities other than 
,9 those for which the plant was designed, the upper 
level wiI1 still be "in the neighborhood" of the 
point where the argon concentration is beginning 
to drop ïrom a maximum and the nitrogen con- 
centration is beginning to increase from a neg- 
,. ligibl, amount. Although the level will not be 
at the preïerred point, the apparatus will still 
operate satisfactorily and incorporate the ad- 
vantages of the invention. 
In Fig. 2, 22 is a valve body having an orifice 
0 3. in which a tapering needle 24 is reciprocated 
to vary the width of the annular passage through 
which oxygen flows. This body is suitably 
mounted in. oxygen withdrawal pipe 2. Oxygen 
wi£hdrawal pipe 2 may be located either below 
55 the liquid oxygen level or aboye it, for removal 
of the oxygen as a liquid or as a gas respectively. 
A rigid yoke 26 is flrmly attached to the oxygen 
pipe or valve body or otherwise accurately posi- 
tioned with regard fo the latter. Within this 
c) yoke are mounted two Sylphon bellows 2 ard 28, 
opposing each other in action. Projections 29 
and 36. ïrom the froc ends of the bellows engage 
opposite sides of a lever 3! which is pivo.ted in 
one arm of the yoke as at 32. The ïree end of 
5 the lever is linked at slot 
to which valve needle 
tachment is by a threaded connection as at 
the needle may be adjusted manually to flnd the 
valve opening which gives the required oxygen 
ïo purity under normal operating conditions. This 
is an initial adjustment on]y, not the operative 
control. 
The capillary tubes 9 and 2{} are so connected 
fo the respective bellows that the expansion of 
7..5 fluid in the.lower bulb  tends to move the needle 



'downwardly or in a closing direction while the 
expansion of lïuid in upper bulb J8 tends fo move 
the needle upwardly and thus increase the valve 
opening. Assuming the fluid in each bulb.to be 
a gas under compression, an increase in the purity 
of the oxygen in pool 16 causes its temperature 
fo fise and. thus.causes the pressure in-bulb 
and bellows-27 to:increase. At the same rime,. 
much greater increase in temperature occurs in 
the liquid surrounding bulb J8 and the pressure 
in this bulb and in bellows 28 increases fo 
greater degree. As these pressures act on 
posite »ides of lever 3 J, the force tending, to lift 
the valve stem and increase the width-of the 
lïow opening is a function of .the teraperature 
difference between the two levels in the column. 
With suitable proportioning of bulb capacities_, 
initial gas pressures and linkages, all of whichare 
subject to exact calculation in any given instance, 
the changing value of the temperature difference 
between the two levels may.be caused ..to .raove 
the valve stem and needle automatically tb new 
positions, at which the changed rate .of. lïo.w 
through the valve offsets the change in purity of 
the oxygen, and thus .causes it to return_, t0 its 
original value 
When there is a decrease in the purity of the 
oxygen, in pool J6, its .temperature drops .and 
thus causes the pressure in bulb J7 and bellows 
27 to decrease. At the saine rime, a much great- 
er decrease in temperature occurs in the liqnid 
surrounding bulb .18 and the pressure in this 
bulb, and in. bellows 28, decreases to. a greater 
degree. As these pressures act on opposite sides 
of lever 3 J, the force tending to lower the valve 
stem and decrease the width of the flow open- 
ing is a function of the increase in temperature 
difference between the two levels in the column. 
This changing value of the temperature differ- 
ence betw.een the two levels causes the-valve stem 
and needle to move downwardly so that the new 
position of the needle decreases the rate of lïow 
and thus the purity of the product is increased. 
In the use of gas. filled bulbs, any gas which 
remains in the gaseous, phase at the lowest tem- 
peratures occurring.in this portion of the column 
and af the pressure _to. which the bulbs are fled 
may be utilized, as for example nitrogen, hydro- 
gen or helium. ... Or a liquid which does hot freeze 
at ¢olumn temperature.and which has a reason- 
ably low vapor pressure at atmospheric tem- 
perature, .as for.example propane or propylene, 
may be used. If the bulbs are charged with 
liquid, itis necessary to substitute a resilient ele- 
ment, such s a stiff, open-coil spring, for each 
of the rigid pins 29.and 3{}. 
A form of indirect actuation of the valve stem 
by differential temperature changes is illustrated 
in Fig. 3, in which. several of the parts may be 
identical with similarly numbered parts in Fig. 
2. In this forïn, fhe valve stem 34 is an exten- 
sion of the cote 36 of a solenoid 37 and is urged 
downwarctly by a spring 33 bearing on a collar 
39, the solenoid being spaced from the valve by 
a rigid yoke 4{}. In this form, changes in the 
pressm'es in the bellows 27 nd 23 cause the arra 
3! totravël across the contact points of a rheo- 
star indicated at 4 , thus varying the amperage 
of an electrical current and the extent fo ,hich 
the cote, and with-it the valve stem, are re- 
tracted agäinst the downward pressure exerted 
by the spring. 
In the form illustrated in Fig. 4, the expansion 
and contraction of metallic rods is applied 
through mechanical linkage to raise and lower 
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the valve stem. I In this figure, 22 indicates only 
the top of the stuffing box of the valve and 12--12 
are fragments of the shell of the column, sep- 
arated to indicate a wide separation in the 
5 column length. A yoke 42 of a metal having a 
relatively low coefficient of expansion, such as 
iron: or .:nickel, is lïxed to the irmer wall of the 
shell-.,nd a;:rod 43 of a metal having a high co- 
elïici.ent.of.:expansion, such as copper, or alumi- 
t0 ;num,is attached to the inner end of the yoke and 
passed through the wall of the shell as through 
a stuffing box or equivalent 44. A bracket 45 
alïixed to the outer wall of the shell carries a 
bel-.ça.nk:48 and::a projecting arm 47, the latter 
«1 .bering or the upper end of a spring 48 of w.hich 
the tower .end bears on a collar 49 lïxed to valve 
stem 4,. -The rod 43 of this unit is positioned in 
th_e liqUidoxygen pool 16, as at the level indicated 
f9!bb.: 17!n Fig. 1. 
20 A similar assembly is located on the shell at 
the.l.çvel s..h0wn ..$or bulb .I 8 of-Fig. 1, but in this 
unitfl, bell cank 48A is reversed, in position, 
the .arm 472 engaging the. lower end of spring 
.48A and. uging valve stem 34 upwardly when rod 
5 4A e.xpands .... 
 Th.e. aboy e ,dëscribed structures bave the com- 
mqn«funCtions:.of producing expansion with ris- 
ing t.eperature of expansible elements---gaseous, 
.liqui. dor, solid-located .respectively af that level 
3O in the column at which the oxygen is at the max- 
im ua m0mentary puritY and af a higher level af 
.whch the column.lïuids contain less oxygen; of 
utilizing -the-.expansion and .contraction of the 
lowerrl.yir.g, element to.urge the oxygen-with- 
35 drawal-control, valve in a closing or opening di- 
.reci0n, çespectively, and of utflizing the expan- 
sion.and:,¢ontïact!on of the higher-lying element 
.to u,rge .te withdrawal-control valve in an open- 
ing pr_ ClOSing direction, respectively. This com- 
4O binat- on .of steps .takes advantage of the greater 
degree of. temperature change at the higher level 
. to a.dd, tothe:sensitivity of the control nd neu- 
trlizçs ny effect on temperature following frora 
pr..ssurechanges of normal magnitude within the 
45 c0!um .... , 
It villbe:evident that the utilization of these 
exPansions and contractions may be brought 
a.bout Lr many ways and by many devices of which 
the above-described structures re suggestive 
50 orfly.... ,i . 
... Inthefrm, illustrated in Fig. 5, a control de- 
viçe fs shovn.which does hot depend on expan- 
slo_n.of. _gas,..liquid or solid to actuate the con- 
trOl elements..._In place of the bulbs 7 and 18 
55 shown.in Fig..1, resistance coils of a material 
which:.»changes..., appreciably .in resistivity with 
change .in. temperature .are-used. The resistance 
c0ils., arèhranchel fr0m a current source , 53 
tlïr6ughlines gA. anal 29A. and return lines gB 
0 and 20B:: Intêr.posed in lines gB-and 2B are 
opposed minute solenoids 54; 55 which actuate 
rods 50, :5, which in turn actuate an arm 3! 
which raels,across the contact points of a rheo- 
stät-. : -OEhus: changes .in resistance of the re- 
5 sistance cbilschanges the amount of current flow- 
ïng thr0ugh minute solenoids 54, 55 which in turn 
acting-th, r0ugh-arm .3! vary the amperage of an 
-electrical cïrent-..,t0 control a large solenoid 
linked tourbe-valve as in'Fig. 3. 
-.;1: Appara-ts:or-sta'biizing the Purity of oxY: 
gën olleeng:ir the lower end of n air fïC: 
tionating column having an oxygen withdrawl 
line comprising, means sensitive to temperature 
75 changes àt a level in the column vhere the oxy- 
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gen is at:the maximum purity, means sensitive 
te temperature changes at another level in the 
column in the neighborhood of the point where 
the argon concentration is beginning te decrease 
frein maximum concentration and the nitrogen 
concentration is low but is beginning te increase, 
and means actuated by thé first and second 
claimed means in response te changes in the 
temperature differential between the two levels 
te control the rate of the oxygen withdrawal 
through the withdrawal line. 
2. Apparatus for stabilizini the purity of a 
liquid, product collectini in the lower end of a 
fractionating column for a tertiary mixture of 
' different boiling points Which may include in- 
consequential proportions of additional" compo- 
nents, the column having a first comportent with- 
drawal valve, comprising, temperature respon- 
sive means iocated in the column at substantially 
the level of maximum momentary purity of the 
first comportent, temperature responsive means 
located in said column in the neighborhood of a 
material!y higher level where the concentration 
of the second comportent is ..beginning te 
crease frein a maximum and the arnount of the 
third component is negligible But is beginning 
te increase, two opposed pressure chambers and 
a mova'ble element interposed between the 
chambers and urged in opposite directions 0y 
the pressures therein, me'ans operatively con- 
neoting the movable element with the valve te 
open and close the saine, and conduits con- 
necting each of the pressure chambers with one 
of the temperature responsive means, %he con- 
duit connections and operative connections 
ing se arranged that an inerease in the temper- 
ature differential between the two levels results 
in the actuation of the valve in a. closing direc- 
tion whereas a decrease in the temperature dif- 
ferentia! ..between the two leve]s results in the 
actuation of the valve in an opening direction. 
3. Apparatus for stabflizing the purity of the 
highest bofling point product of a fractionating 
column separating mixtures having at least three 
components of different boilinE points, the coi- 
tunn havinE a hiEhest bofling point product with- 
drawal line, comprising means sensitive  te tem- 
perature changes ai one level in the Column 
where the highest boiling, point product is ai 
the maximum purity, means sensitive te temper- 
ature changes af a second level in the column in 
the neigtborhood where the concentration of a 
lower boiling point comportent is beginning te 
decrease from maximum and the concentration 
of a stili lower boi!ing point comportent is low 
but is beginninE te increaseï and means aCtU- 
ated by the first and second claimed means in 
response te the changes in the temperature dif- 
ferentiat between the two levels te control the 
rate of highest boiling point product withdrawal 
through the withdrawal line. 
4. Apparatns for stabilizing the purity of the 
highest boiling point product of a fractionating 
column separating tertiary mixtures of .differ- 
ent boiling point components, which mixture 
may inc]ude inconsequential proportions of ad- 
ditional components, the column having a high- 
est bofling point product withdrawal line, com- 
prising means sensitive te temperature changes 
at one level in the column where the highest 
boiling point product is af the maximum purity, 
means sensitive te temperature changes ata sec- 
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ond le'tel in the column in the neighborhood 
where the concentration, of the intermediate 
.bofling point tertiary component is beginning 
fo decrease from a maximum and the concert- 
5 tration of the lowest boiling comportent is low 
but is beginning to increase, and means actu- 
ated by the first and second claimed means in 
response fo the changes in the temperature dif- 
ferential between the two levels to control the 
10 rate of the highest boiling point product with- 
drawal through the withdrawal line. 
5. The method of controlling the rate of with- 
drawal of the highest boiling point product col- 
lecting in a fractionating column in which mix- 
15 tures having at teast three components of differ- 
ent boiling points are separated to staïilize the 
purity of the highest boiling point product, com- 
prising utilizing the changes in the temperature 
differential between a level in the column where 
2O the highest boiling point product is af the max- 
imum purity and a second level in the column 
in the néighborhood where the concentration of 
a tower boiling comportent is beginning to de- 
crease from maximum and the concentration of 
25 a stiil lower bofling point comportent is low but 
is beginning to increase fo control the rate of 
withdrawal of the highest boiling point product. 
6. The method of controlling the rate of with- 
drawal of the highest boiling point product col- 
30 lecting in a fractionating column in which ter- 
tiary mixtures .of different bofling points are 
separated, which mixture may include inconse- 
quential proportions of additional components, 
fo stabilize the purity of the highest boiling 
35 point product, comprising utilizing the changes 
in the temperature differential .between a level 
in the column where the highest boiling point 
product is at the maximum purity and a second 
level in the column in the neighborhood where 
,: the concentration of the intermediate boiling 
point tertiary comportent is beginning to decrease 
from a maximum and the concentration of the 
lowest boiling point comportent is low but is 
ginning to increase to controi the rate of with- 
d5 drawal of the highest boiling point product. 
7. The method of controlling the rate of with- 
drawal of oxygen product of an air fractionating 
column to sta?ilize the purity of the oxygen prod- 
uct withdrawn from the column, comprising 
50 utilizing the changes in the temperature differen- 
tial between a level in the column where the 
oxygen product is at the maximum purity and a 
second levei in the column in the neighborhood 
where the argon concentration is beginning to 
55 drop from a maximum and the concentration of 
the nitrogen is iow but is beginning to increase 
to control the rate of withdrawal of the oxygen 
product. 
CLAtENCE J. SCHILLING. 
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